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The synthesis and mesomorphism for two series of unsymmetrical pyrazoles and their nickel(II) com-
plexes were described. This is the first example of nickel complexes exhibiting columnar phase. The
derivatives with two alkoxy chains exhibited smectic A or smectic C phases; however, all derivatives with
four alkoxy chains formed hexagonal columnar phases. In contrast, all nickel(II) complexes 1a formed
hexagonal columnar phases. The crystal and molecular structures of 1-(4-propyloxyphenyl)-2-(3-(4-
propyloxyphenyl)-1H-pyrazol-5-yl)ethanone were determined, and it crystallizes in the triclinic space
group P-1. The overall molecular shape is considered as rod-shaped. The pyrazole and one phenyl ring
were coplanar, however, they were not coplanar with other phenyl ring by a dihedral angle of ca. 66.2�. A
dimeric structure formed by an intermolecular H-bond (2.11 Å) and a weak p–p interaction (3.51 Å) was
observed, which was probably attributed to the formation of the mesophase. The XRD experiments
confirmed their structures of the mesophases.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The interest in metallomesogens1 or metal-containing liquid
crystals (MCLCs) has been extensively expanded during past years.
Modern synthetic knowledge allows researchers to access tailor-
made materials with predictable properties, particularly in the
field of liquid crystalline materials. More and more examples1,2

with particular structures and/or novel physical properties were
obtained by incorporation of a metal ion or metal ions into an
organic fragment. The coordination geometry of the central ion is
often important in determining the mesogenic materials since it
often alters the overall molecular shape. Metal ions, for example,
d9-Cu2þ, d8-Ni2þ, or d1-VO2þ with square-planar coordination (SP)
were used the most; however, metal ions with tetrahedral (Td) or
octahedral2 (Oh) coordination were relatively lesser. In addition, use
of paramagnetic (Cu2þ, Mn2þ, and VO2þ) or diamagnetic ions (Cu1þ,
Pd1þ, and Rh1þ) might alter the magnetic behavior of the metal-
lomesogenic materials. Metallomesogens obtained often have
properties quite distinct from their precursors, such as meso-
morphism, color, magnetic behavior, and other physical properties.
Metallomesogens might be generated from non-mesogenic
precursors, and vice versa. Pyrazoles,3 cataloged as heterocyclic
ligands, have been widely applied in inorganic, organometallic, and
: þ886 3 4277972.

All rights reserved.
bioinorganic chemistry.3,4 They are electron-deficient or electron
acceptors, therefore, a local dipole of donor-to-acceptor (D–A) in-
teraction was easily induced within molecules or between mole-
cules. Interest in such systems stems from their diverse structures
and known chemistry. Two nitrogen atoms on the pyrazole ring are
often capable of binding to metal ions (i.e., M1þ and M2þ). Two
bonding modes are feasible. One N atom can donate an electron
lone pair to metal ions, leaving the pyrazolic –NH as a free group,
and this type of bonding is particularly efficient with M2þ ions. On
the other hand, the other N atom can be deprotonated (pyrazolate
anion) with a base, binding to M1þ ions. This type of pyrazole anion,
important as a bichelating ligand, was often applied to generate
complexes with an exo-bidentate structure.4a,5 Most of structures
with divalent metal ions formed were of ML2 and metal ions used
were dominantly first-row transition-metal ions. However, trinu-
clear pyrazolate complexes formed by monovalent coinage metal,6

such as Cu1þ, Ag1þ, and Au1þ, were also prepared. Some of neutral
metal complexes7 having fluorinated ligands are of particular
interest as emitting materials for molecular light-emitting devices
(MOLEDs). Fluorination facilitated thin-film fabrication process and
also the presence of a closed-shell transition metal should enhance
the phosphorescence efficiency. Some copper(I) complexes with
trinuclear8 [Cu(dmpz)]3 or tetranuclear9 structures [Cu(dppz)]4

were found to be useful catalysts on organic reactions.
By contrast, known examples of mesogenic pyrazoles and

derived metallomesogens10 were relatively rare. Most reported
structures were mononuclear, whereas, a few examples of dinuclear
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and trinuclear complexes were also known. More examples were
prepared and studied since the first example containing 3,5-di-
substituted phenylpyrazole11 exhibiting SmA and SmC phases was
reported in 1992. Among them, rhodium(I) and palladium(II) are
used the most to generate the metallomesogens. These two metal
ions were all d8 electronic configurations and square-planar pre-
ferred in coordination geometry. A nonmesogenic ZnL2Cl2 (L¼3,5-
bis(p-decyloyphenyl)pyrazole)12 was reported, and the mesophase
was improved by a structural modification of ligand.13 Crystallo-
graphic data on other similar pyrazole related zinc complexes14

showed that zinc centers were all tetrahedral. Metal center with
a tetrahedral geometry resulted in an unfavorable angle between
central cores, precluding the formation of mesomorphism. The zinc
complex also exhibited fluorescence properties.13 A few square-
planar Rh1þ complexes, such as [RhCl(CO)2(HpzR)],15a [Rh-
(m-pzR)(CO)2]2,15b [Rh(m-pzPP)(COD)]2

16a and [Rh(m-pzbp)(COD)]2,16a

and [Rh(Cl(NBD)(HpzR))]16b containing substituted pyrazoles
with long-chained substituents were found to be mesogenic.
Palladium(II) fragments, PdCl2

17a–c and Pd(h3-C3H5)þ17d,e were also
used to generate metallomesogens, [PdCl2(pzRpy)] and [Pd(h3-
C3H5)(HpzR)2]þBF4

�. Example of bimetallomesogens, [Pd(h3-
C3H5)(m-pzR)]2

18 containing bridged 3,5-disubstituted pyrazolate
ligands was reported. Most of mesogenic pyrazoles and their related
metallomesogens exhibited smectic phases. However, a few exam-
ples of pyrazole-derived metallomesogens formed by mononuclear-
Cu1þ, Rh1þ, and trinuclear-Au1þ complexes19 exhibiting columnar
phases were also prepared and studied.

In this work, we describe herein the preparation and mesomor-
phic studies of two new series of heterocyclic pyrazoles 2a,2b and
their nickel complexes 1a. These compounds showed a strong chain
density dependence on the formation of the mesomorphic proper-
ties. All derivatives 2b with two alkoxy chains exhibited smectic A or
smectic C phase, however, other series of derivatives 2a with four
alkoxy chains formed hexagonal columnar phases (Colh). In contrast,
all nickel(II) complexes 1a displayed hexagonal columnar phases.
Similar compounds, 3,5-di(4-n-alkoxyphenyl)pyrazoles 5a have
been previously prepared and also their mesomorphic properties
studied. They all exhibited enantiotropic smectic A, C or/and X phases
over a wide range of temperatures. Crystallographic data indicated
that the H-bonding was probably attributed to the formation in such
systems. On the other hand, a series of compounds 4 with a similar
structure was also prepared in order to understand the effect of
H-bonding in this type of pyrazole ligands. A dimeric structure,
supported by crystallographic data formed by an intermolecular
H-bonding was also observed, which might facilitate the formation of
the mesophases. This is the first example of nickel complexes derived
from pyrazoles exhibiting hexagonal columnar (Colh) phases.
N NH
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2. Results and discussions

2.1. Synthesis

The synthetic pathways followed to prepare compounds 1–4 are
summarized in Scheme 1. All precursors 3 were prepared according
to the literature procedures19a,20 using cross-Claisen condensation
reactions. The further condensation reactions of 1,3,5-triketones
and hydrazine monohydrate in refluxing absolute ethanol pro-
duced the pyrazole derivatives 2 as off-white solids with a yield of
ca. 65–84%. All compounds were characterized by 1H, 13C NMR
spectroscopy, mass spectroscopy, and elemental analysis. The
solubility in CDCl3 for some of pyrazole derivatives was poor, so
their 13C NMR spectra were not possibly obtained. Three tautomers
for pyrazoles 2 are structurally possible. On the 1H NMR spectra,
only two characteristic peaks at d 6.37–6.61 and d 4.29–4.57,
assigned to pyrazole-H (–CHC]N) and keto-H (–CH2CO) were
observed, however, the pyrazole-H (–NH) often occurred at ca.
d 11.60–12.60 was not observed. In contrast, two other character-
istic peaks at d 5.80 and d 6.20 assigned to olefinic methane-H
(–CH]C) of 1,3,5-triketones 3 were also disappeared. On the other
hand, the observation of one peak at ca. d 193.6 on 13C NMR spectra
assigned to keto –CH2C]O confirmed the isomer 2 as the most
stable structure among three isomers. Also a persistent solution in
CDCl3 did not show an apparent change on 1H NMR spectrum. The
further reactions of pyrazole 2a with NiCl2 in refluxing C2H5OH/THF
produced the nickel complexes 1a. The structure of nickel
complexes was tentatively proposed as drawn due to a lack of
single crystallographic analysis. Nickel atom was coordinated as
square-planar geometry to two nitrogen atoms with lone electron
pairs, leaving the other two nitrogen atoms as free amine-HH. The
similar reactions with CuCl2 to prepare copper complexes were not
successful for an unknown reason.
2.2. The X-ray single crystallographic data

A single crystals of the non-mesogenic pyrazole 2b (n¼3) suit-
able for crystallographic analysis were obtained by slow vapor-
ization from CH3Cl at room temperature and their structures
resolved. Figure 1 shows the molecular structure with the atomic
numbering schemes. Table 1 lists their crystallographic and struc-
tural refinement data for the molecule. The overall molecular shape
of crystal was considered as a linear structure with a length of ca.
21.15 Å. The central pyrazole ring and phenyl rings were coplanar;
however, they were not coplanar to the other phenyl ring. A di-
hedral angle of 66.2� was measured. Unsurprisingly, an in-
termolecular H-bond between O4 and H2 atoms was observed, and
the distance was measured by ca. 2.11 Å. The distance between N1
and N2 atoms (see Table 2) was 1.356 Å, similar to other known
pyrazole. The bond length of 1.218 Å (C5–O1 atom) and its bond
angle of 121.3� (:C1–C5–C4) supported the structure 2 (not 20 or
200) as the most stable tautomers. The carbonyl group was existent
with a free C]O moiety. In the unit cell, molecules were packed
with a head-to-head arrangement. Such dimeric structure facili-
tated a better packing both in the solid or/and the liquid crystal
state. However, intermolecular H-bonding was not observed. On
other hand, a p–p interaction of 3.51 Å was also observed, as shown
in Figure 2.

2.3. Mesomorphic properties

The mesomorphic behavior of compounds 1–4 was studied by
differential scanning calorimetry (DSC), polarizing optical micros-
copy (POM), and powder X-ray diffractometry (XRD). The phase
transitions and thermodynamic data for compounds 1–4 are
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Scheme 1. Reactions and conditions: (a) Acetone (0.5 equiv), NaH (6.0 equiv), refluxing in dimethoxyethane, 48 h, 72–89%; (b) N2H4$H2O (10.0 equiv), refluxing in ethanol, 12 h, 65–
84%. (c) NH2OH$HCl (1.1 equiv), refluxing in ethanol, 12 h, 70–76%; (d) NiCl2 (0.55 equiv), refluxing in ethanol/THF, 24 h, 92-95%.

Figure 1. An ORTEP plot for compound 2b (n¼3) with the numbering scheme, and the thermal ellipsoids of the non-hydrogen atoms are drawn at the 50% probability level.
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summarized in Tables 3 and 4. The mesomorphic results indicated
that the formation of mesophases in pyrazolate compounds 2 was
strongly dependent of alkoxy chain density. All compounds 2b with
two alkoxy chains displayed enantiotropic smectic A or smectic C
phase; however, all compounds 2a with four alkoxy chains formed
enantiotropic columnar phases. Among compounds 2b only de-
rivative with shorter chains (n¼6) exhibited SmA phase and all
other compounds with longer chains (n¼8, 10, 12, 14, 16) formed
SmC phase. A slight decrease both in the melting temperatures and
clearing temperatures accompanying an increase in the alkoxy
chain length was observed. However, the temperature range of
SmA or SmC phase was between 13.7 �C (n¼6) and 33.3 �C (n¼10)
on heating process. The pyrazolate derivative n¼10 has the widest
temperature range of SmC phase. Under the optical microscope,
a typical fan-shaped texture with homeotropic domain for SmA or
without homeotropic area for SmC phases, respectively, was
observed upon slow cooling from their isotropics, as shown in
Figure 3. A series of pyrazoles 5a with similar structures was pre-
viously prepared and studied. These compounds exhibited N, SmA,
SmC ,or/and SmX phases depending the carbon chain lengths.
However, all compounds 2b, particularly with the lower carbon
chain length have both lower clearing temperatures, i.e., 198 �C (5a,
n¼6)>165 �C (2b, n¼6) and narrower temperature range, i.e.,
39.5 �C (5a, n¼6)>11.3 �C (2b, n¼6) of mesophases than those of
compound 5a. This lowering in clearing temperatures might be
attributed to the ketonate group (–CH2C]O) group next to the
pyrazolate ring in 2b. The ketonate –CH2C]O group was found not
coplanar to the pyrazolate ring (i.e., see discussion in single crystal
data), which tended to reduce the intermolecular interaction both
in crystal and mesogenic states.

The mesomorphic behavior was distinctive when the total alk-
oxy chains’ numbers increased to four in compound 2a. Under the



Figure 2. A side view of the molecular packings in the unit cell was shown. The
molecular length (C46–C043¼ca. 21.25 Å), intermolecular H-bonding (ca. 2.110 Å), and
a p–p interaction (ca. 3.51 Å) were shown.

Table 1
Crystal and refinement data for compound 2b (n¼3)

Compound 2b (n¼3)
Empirical formula C23H26N2O3

Formula weight 378.46
T/K 150(2)
Crystal system Triclinic
Space group P-1
a/Å 7.6828(5)
b/Å 11.4540(7)
c/Å 22.2399(14)
a/� 90.630(2)
b/� 97.405(2)
g/� 94.267(2)
U/Å3 1935.0(2)
Z 4
F(000) 808
Dc/Mg m�3 1.299
Crystal size/mm3 0.40�0.32�0.05
Range for data collection/� 0.92–27.50
Reflections collected 25,735
Data, restraints, parameters 8854/0/507
Independent reflections 8854 [R(int)¼0.0508]
Final R1, wR2 0.0728, 0.1614

Table 2
Selected bond distances [Å] and angle [�] for compound 2b (n¼3)

Bond distances
N(1)–N(2) 1.356(3) N(2)–C(3) 1.348(3)
N(1)–C(1) 1.331(3) C(1)–C(2) 1.407(3)
C(2)–C(3) 1.364(3) O(1)–C(5) 1.218(3)
C(1)–C(12) 1.469(3) C(3)–C(4) 1.499(3)
C(4)–C(5) 1.515(3)

Bond angles
C(1)–N(1)–N(2) 104.15(18) C(3)–N(2)–N(1) 112.92(18)
N(1)–C(1)–C(2) 111.10(19) N(1)–C(1)–C(12) 120.30(19)
C(3)–C(2)–C(1) 105.6(2) N(2)–C(3)–C(2) 106.21(19)
N(2)–C(3)–C(4) 122.2(2) C(2)–C(3)–C(4) 131.6(2)
C(3)–C(4)–C(5) 114.49(18) O(1)–C(5)–C(6) 120.9(2)
O(1)-C(5)-C(4) 121.3(2) C(6)–C(5)–C(4) 117.81(19)

Symmetry transformations used to generate equivalent atoms.

Table 3
The phase transitionsa and temperatures of compounds 2a,2b

Compound

2b; n ¼ 6 Cr SmA I
151.3 (32.2) 165.0 (9.69)

118.8 (29.2) 160.1 (10.4)

8 Cr SmC
112.7 (39.0) 163.4 (11.5)

167.6 (11.9)142.7 (42.0)
I

10 Cr SmC I
131.7 (60.4) 165.1 (13.2)

109.0 (60.4) 160.7 (12.1)

12 Cr SmC I
132.2 (60.7) 163.0 (11.3)

109.5 (55.6) 157.8 (10.9)

14 Cr SmC I
134.9 (57.8) 159.0 (9.34)

111.5 (57.3) 151.0 (7.74)

16 Cr SmC I
133.0 (88.6) 152.5 (12.5)

116.0 (88.4) 148.1 (11.7)

2a; n ¼ 6 Cr Colh I
68.1b 68.8(2.65)

45.5b 64.2 (2.63)

8 Cr Colh I
52.3b 74.8 (2.81)

79.9 (2.91)63.3b

10 Cr Colh I
65.2b 91.3 (3.04)

54.1b 86.1 (2.95)

12 Cr Colh I
62.5b 92.3(3.13)

43.9b 89.0(3.12)

14 Cr Colh I
45.2 (11.2) 89.4(3.31)

28.5 (28.3) 86.1(3.16)

16 Cr Colh I
62.7 (44.3) 82.4 (6.30)

47.4 (67.4) 79.7 (1.80)
a n¼The carbon numbers of alkoxy chains, Cr¼crystal, SmA¼smectic A,

SmC¼smectic C, Colh¼hexagonal columnar phase, I¼isotropics.
b Obtained by optical microscope.

Table 4
The phase transitionsa and temperatures of compounds 1a and 4

Compound

4; n ¼ 6 Cr SmA I
108.0 (1.30) 116.2 (4.20)
104.2 (1.56) 112.8 (4.57)

SmC
103.8 (40.0)
60.2 (18.9)

7 Cr SmC I
53.8 (18.5) 114.5 (9.02)

118.9 (9.93)85.1 (22.7)

8 Cr SmC
82.2 (23.4) 124.2 (12.2)

52.8 (19.3) 119.5 (11.7) I

12 Cr SmC I79.1 (23.3) 133.9 (14.6)

69.6 (32.0) 129.3 (14.2)

1a; n ¼ 12 Cr Colh I
108.3b 117.1 (8.37)

78.0b 113.9 (7.37)

14 Cr Colh I
89.1b 129.1 (4.31)

132.8 (4.54)115.2b

16 Cr Colh I
110.3b 128.4 (5.85)

87.6b 125.3 (5.10)
a n¼The carbon numbers of alkoxy chains, Cr¼crystal, SmA¼smectic A,

SmC¼smectic C, Colh¼hexagonal columnar phase, I¼isotropics.
b Obtained by optical microscope.
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optical polarized microscope, they melted into viscous phases upon
slow heating, and a typical pseudo-focal conics or fan-shaped
texture (shown in Fig. 4) with homeotropic behavior was observed
on cooling from their isotropic states. This type of texture was
characteristic of hexagonal columnar (Colh) phases. On the DSC
analysis, these compounds all exhibited two enantiotropic transi-
tions, crystal-to-columnar (Cr/Colh) and columnar-to-isotropic
(Colh/I). The clearing temperature slightly increased with side



Figure 3. Optical textures observed by compounds 2b. Top plate: SmC phase (n¼12) at
150 �C and bottom plate: SmA phase (n¼6) at 155 �C.

Figure 4. Optical textures observed by compounds 2a. Top plate: Colh phase (n¼12) at
86.0 �C, and bottom plate: Colh phase (n¼6) at 65.0 �C.
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chain length of derivatives n¼6, 8, 10, 12 and then decreased with
derivatives n¼14, 16. The temperature range of the columnar
phases also increased with carbon number, i.e., DT¼0.7 �C
(n¼6)<16.6 �C (n¼8)<26.1 �C (n¼10)<29.8 �C (n¼12)<44.2 �C
(n¼14), and reached to DTmax¼44.2 �C for derivative n¼14. In-
terestingly, the overall molecular shape of compounds 2a was not
round or a disc-shaped. On the other hand, the overall molecular
shape of a monomeric molecule was in fact considered as half-disc-
shaped. Most of columnar phases reported were formed by mole-
cules with six or eight side chains. A complementary structure was
proposed to be made by two correlated monomeric molecules. Two
combined half-disc-shaped molecules gave a total number of eight
alkoxy side chains, which were then enough to form a columnar
phase. The formation of columnar phases in compounds 2a
was probably attributed to the dimeric structure formed via
intermolecular H-bonding. The dimeric structure formed by
H-bonding was observed in other pyrazolate system.

In order to understand the effect of possible H-bonding on the
formation of mesophase in such calamite pyrazolate derivatives,
a series of heterocyclic isoxazoles 4 was also prepared and meso-
morphic properties compared. All compounds 4 are structurally
similar to compounds 2; however, H-bonding is not possibly in-
duced in compounds 4. Thermal data indicated that compounds 4
were all mesogenic. The derivative with shorter alkoxy chains (n¼6)
formed SmA at higher temperature and SmC phase at lower tem-
perature, and all other derivatives with longer side chains (n¼7, 8,
12) exhibited SmC phase only (Fig. 5). The overall molecular shapes
of compounds 4 are considered as rod-shaped, slightly bent struc-
tures with a bending angel equal to 154–165�, similar to those of
pyrazoles. The melting temperature decreased with carbon chain
length, i.e., Tm¼103.8 �C (n¼6) >Tm¼79.1 �C (n¼12), however, the
clearing temperature increased with carbon chain length, i.e.,
Tcl¼116.2 �C (n¼6)<Tcle¼133.9 �C (n¼12). The clearing temperature
was slightly lower by ca. 29.1 �C (n¼12) to 48.8 �C (n¼6) than those
of compound 2b, which might be attributed to the absence of
H-bonding. On the other hand, the temperature range of mesophase
in compounds 4 was slightly wider than those in compounds 2b.

Upon coordinated to Ni2þ ion, a more discotic molecule result-
ing from nickel complexes 1a (n¼12, 14, 16) were formed. The
formation of columnar phases was often found to depend crucially
on the side chain density. On the other hand, the side chain density
required for the columnar phases was strongly dependent on the
size or the flexibility of the core center, i.e., the larger size or the
more rigid is the core group, and more side chain density is often
needed. The overall molecular shape of compounds 1a is consid-
ered as discotic or round, and eight alkoxy chains appended were
enough to form a stable columnar phase. Thermal data were shown
in Table 2. All derivatives formed enantiotropic hexagonal co-
lumnar phases (Colh), and two typical transitions of crystal-to-co-
lumnar and columnar-to-isotropic were observed on DSC analysis.
The melting temperatures were only observed by optical micro-
scope. On the other hand, all clearing temperatures were highly



Figure 5. Optical textures observed by compounds 4. Top plate: SmC phase (n¼12) at
100.0 �C and bottom plate: SmC phase (n¼6) at 100.0 �C.

Figure 6. Optical textures observed by compounds 1a. Top plate: Colh phase (n¼14) at
125.0 �C and bottom plate: Colh phase (n¼12) at 110.0 �C.
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higher than those their ligand derivatives 2a by 24.0 �C (n¼12) to
46.0 �C (n¼16) due to a larger and more rigid core. The temperature
range of columnar phases was slightly narrower than those of their
homologues 2a. The Colh phase was also characterized by optical
polarized microscope. A typically pseudo-focal-conic texture (see
Fig. 6) with linear birefringent defects on slowly cooling from the
isotropic liquid was clearly observed. This observed texture also
accompanied by a large area of homeotropic domain is often
characteristic for hexagonal columnar phases. In contrast to com-
pound 2a, the columns in hexagonal phases in compounds 1a were
formed by stacking single molecule (monomeric structure, shown
in Fig. 7). The powder XRD results confirmed the structure of the
mesophase as Colh phase. For example, compounds 2a (n¼12) and
1a (n¼12) both have a similar lattice constant in magnitude of
34.32 Å and 33.82 Å, respectively. The lattice constants were quite
consistent with proposed model of a monomeric and dimeric
structure formed in compounds 1a and 2a, respectively.

2.4. Variable temperature XRD diffraction

Variable-temperature powder XRD diffraction was conducted to
confirm the structure of the mesophases. A summary of the dif-
fraction peaks and lattice constants for compounds 1, 2, and 4 is
listed in Table 5. For compound 2b (n¼6, 10, 12), only one strong
diffraction peak at lower angle was observed, which corresponded
to a layer structure of SmA or SmC phase. The relative intensity of the
diffraction peak was stronger for SmC phase than that for SmA
phase. For example, the derivative n¼6 gave a diffraction at d 28.7 Å
at 130 �C, in contrast, two other derivatives n¼10 and n¼12 dis-
played a strong reflection of d 33.04 Å at 145 �C and d 37.21 Å at
150 �C, respectively. These observed d-spacings were all shorter
than those of molecular lengths calculated by MM2 model, which
indicated the alkoxy chains of the molecules were probably
interdigitated in the mesophase. Compound 4 (n¼6) also gave
a diffraction peak of d 24.47 Å at 109 �C and d 24.08 Å at 96 �C. These
types of diffraction pattern corresponded to Miller indices 001 in
layer structures of SmA and SmC phases, shown in Figure 8. How-
ever, other diffraction peaks of higher orders indexed as 002, 003,
and others were not observed. On the other hand, the compounds 2a
(n¼12, 14) and 1a (n¼12, 14, 16) exhibited different diffraction pat-
terns. All these compounds displayed the diffraction pattern of
a two-dimensional hexagonal lattice, with one stronger peak and
two weaker peaks. These are characteristic of columnar phases with
a d-spacing ratio of 1, (1/3)1/2, and (1/4)1/2, corresponding to Miller
indices; 10, 11, and 20, respectively. For example, a diffraction pat-
tern with a d-spacing at 31.90 Å, 18.44 Å, 16.03 Å and a broad diffuse
peak (4.59 Å) at wide-angle region was observed for compound 2a
(n¼14) and this diffraction pattern corresponded to a hexagonal
columnar arrangement (see Fig. 9). This pattern corresponds to an
intercolumnar distance or lattice constant (i.e., a parameter of the
hexagonal lattice) of 36.7 Å. All compounds 1a gave similar diffrac-
tion patters as compounds 2a. Interestingly, the lattice constants of
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Table 5
Variable-temperature XRD diffraction data for compounds 1a, 2a,2b, and 4

Compound Mesophase/�C Lattice constant/Å d-Spacing/Å obsd Miller indices

2b (n¼6) SmA (130 �C) d 28.70 (30.08a) 001

2b (n¼10) SmC (145 �C) d 33.04 (41.06a) 001

2b (n¼12) SmC (150 �C) d 37.21 (47.43a) 001

4 (n¼6) SmA (109 �C) d 24.47 (30.08a) 001
SmC (96 �C) d 24.08 (30.08a) 001

2a (n¼12) Colh (80 �C) a¼34.32 29.72 (29.72) 100
4.56 halo

2a (n¼14) Colh (80 �C) a¼36.70 31.90 (31.90) 10
18.44 (18.42) 11
16.03 (15.95) 20
4.59 halo

1a (n¼12) Colh (104 �C) a¼33.82 29.29 (29.29) 10
16.93 (16.91) 11
4.61 halo

1a (n¼14) Colh (120 �C) a¼35.76 30.97 (30.97) 10
17.89 (17.88) 11
15.57 (15.48) 20
4.60 halo

1a (n¼16) Colh (115 �C) a¼37.44 32.42 (32.42) 10
18.70 (18.72) 11
16.23 (16.21) 20
4.64 halo

a Molecular length estimated by MM2 model.
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two compounds 2a and 1a were quite similar in value, indicating
that the size or the diameter of the columns formed in hexagonal
columnar phases was approximately equal.

3. Conclusions

A new series of unsymmetrical pyrazoles 2a,2b and their nick-
el(II) complexes 1a were prepared and mesomorphic properties
investigated. All compounds formed mesomorphic behavior. Nickel
ion preferred the square-planar coordination, which favored the
molecular packings. A dimeric structure formed by intermolecular
H-bonding was used to induce the formation of the mesophases in
such system. Other metal complexes might be prepared in future.

4. Experimental

4.1. General

All chemicals and solvents were reagent grade from Aldrich
Chemical Co., and all solvents were dried by standard techniques.
1H and 13C NMR spectra were measured on a Bruker DRS-200. DSC
thermographs were carried out on a Mettler DSC 822 and calibrated
with a pure indium sample. All phase transitions are determined by
a scan rate of 10.0�/min. Optical polarized microscopy was carried
out on Zeiss Axioplan 2 equipped with a hot stage system of Mettler
FP90/FP82HT. Elemental analyses were performed on a Heraeus
CHN-O-Rapid elemental analyzer. The powder diffraction data were
collected from the Wiggler-A beamline of the National Synchrotron
Radiation Research Center (NSRRC) with the wavelength of
1.3263 Å. Diffraction patterns were recorded in q/2q geometry with
step scans normally 0.02� in 2q¼1–10� step�1 s�1 and 0.05� in
2q¼10–25� step�1 s�1 and a gas flow heater was used to control the
temperature. The powder samples were charged in Lindemann
capillary tubes (80 mm long and 0.01 mm thick) from Charles
Supper Co. with an inner diameter of 1.0 mm.
4.2. 1,5-Bis(3,4-bis(dodecyloxy)phenyl)pentane-1,3,5-trione
(3a; n[12)

Yellow powder, yield 60%. 1H NMR (CDCl3): d 0.85 (t, J¼6.45 Hz,
–CH3, 12H), 1.23–1.84 (m, –CH2, 80H), 4.02 (t, J¼4.2 Hz, –CH2, 8H),
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[5.88 (s), 6.20 (s)] (OCCHCO, 2H), [6.84 (d), 7.40 (d), 7.53 (d), 7.60
(d)] (ArH, 6H), [14.84 (s), 16.06 (s)] (COH, 2H). 13C NMR (CDCl3):
d 14.09, 22.69, 26.01, 29.02, 29.09, 29.14, 29.24, 29.38, 29.64,
31.93, 50.14, 69.05, 69.23, 69.39, 95.51, 96.19, 111.61, 112.05, 112.16,
112.58, 112.79, 120.21, 121.44, 123.99, 126.25, 126.69, 129.29,
148.94, 149.00, 152.42, 153.35, 154.14, 173.43, 183.21, 188.64, 192.50,
193.00.

4.3. 1,5-Bis(4-(dodecyloxy)phenyl)pentane-1,3,5-trione
(3b; n[12)

Yellow powder, yield 68%. 1H NMR (CDCl3): d 0.84 (t, J¼6.6 Hz,
–CH3, 6H), 1.23–1.78 (m, –CH2, 40H), 3.98 (t, J¼3.3 Hz, –CH2, 4H),
[5.88 (s), 6.20 (s)] (OCCHCO, 2H), [J¼1.5 Hz, 6.91 (d), J¼0.9 Hz, 7.77
(d), J¼9 Hz, 7.96 (d)] (ArH, 8H), [14.84 (s), 16.06 (s)] (COH, 2H). 13C
NMR (CDCl3): d 13.98, 22.56, 25.85, 28.98, 29.03, 29.23, 29.46,
29.52, 31.80, 50.21, 53.24, 68.14, 68.22, 95.19, 95.90, 114.05, 114.31,
125.77, 126.18, 128.04, 128.92, 129.10, 130.90, 131.16, 132.15, 161.99,
162.85, 163.57, 170.48, 173.20, 182.50, 184.46, 189.19, 192.32, 192.62,
193.11.

4.4. 1-(3,4-Bis(dodecyloxy)phenyl)-2-(3-(3,4-
bis(dodecyloxy)phenyl)-1H-pyrazol-5-yl)ethanone (2a; n[12)

White powder, yield 78%. 1H NMR (CDCl3): d 0.84 (t,
J¼6.45 Hz, –CH3, 12H), 1.22–1.78 (m, –CH2, 80H), 3.98 (t, J¼6.3 Hz,
–CH2, 8H), 4.57 (s, COCH2C]C, 2H), 6.61 (s, ]CH–C]N, 1H), [6.85
(d), 7.38 (d), 7.51 (d), 7.67 (d)] (ArH, 6H). 13C NMR (CDCl3):
d 14.09, 22.69, 26.05, 29.07, 29.18, 29.38, 29.48, 29.67, 31.93,
36.32, 69.03, 69.24, 69.35, 102.61, 111.55, 112.51, 113.73, 118.74,
123.08, 123.55, 128.87, 142.66, 147.87, 148.98, 149.42, 149.72,
154.02, 194.24. Anal. Calcd for C65H110N2O5: C, 78.10; H, 11.09.
Found: C, 77.90; H, 11.04.
4.5. 1-(3,4-Bis(hexyloxy)phenyl)-2-(3-(3,4-bis(hexyloxy)-
phenyl)-1H-pyrazol-5-yl)ethanone (2a; n[6)

White powder, yield 68%. 1H NMR (CDCl3): d 0.92 (t, J¼2.4 Hz,
–CH3, 12H), 1.35–1.85 (m, –CH2, 32H), 4.00 (t, J¼3.15 Hz, –CH2, 8H),
4.34 (s, –CH2C, 2H), 6.45 (s, –CH–CN, 1H), [6.85 (d), 7.29 (d), 7.54 (d),
7.59 (d)] (ArH, 6H). 13C NMR (CDCl3): d 13.91, 22.50, 25.60, 28.90,
29.00, 29.16, 31.47, 31.51, 36.46,68.92, 69.10, 69.17, 102.26, 111.26,
111.43, 112.44, 113.65, 118.36, 123.48, 123.83, 128.86, 142.53, 147.94,
148.86, 149.27, 153.86, 194.68. Anal. Calcd for C41H62N2O5: C, 74.28;
H, 9.43. Found: C, 74.56; H, 9.56.
4.6. 1-(3,4-Bis(octyloxy)phenyl)-2-(3-(3,4-bis(octyloxy)-
phenyl)-1H-pyrazol-5-yl)ethanone (2a; n[8)

White powder, yield 70%. 1H NMR (CDCl3): d 0.84 (t, J¼6.3 Hz,
–CH3, 12H), 1.24–1.79 (m, –CH2, 48H), 3.96 (t, J¼5.25 Hz, –CH2, 8H),
4.29 (s, –CH2C, 2H), 6.39 (s, –CH–CN, 1H), [6.79 (d), 7.17 (d), 7.49 (d),
7.56 (d)] (ArH, 6H). 13C NMR (CDCl3): d 13.97, 22.57, 25.94, 28.96,
29.07, 29.18, 31.73, 36.13, 68.94, 69.16, 69.28, 102.70, 111.30, 111.49,
112.45, 113.62, 118.76, 123.45, 128.78, 142.54, 147.80, 148.90, 149.27,
153.95, 194.00. Anal. Calcd for C49H78N2O5: C, 75.92; H, 10.14.
Found: C, 76.12; H, 10.11.
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4.7. 1-(3,4-Bis(decyloxy)phenyl)-2-(3-(3,4-
bis(decyloxy)phenyl)-1H-pyrazol-5-yl)ethanone (2a; n[10)

White powder, yield 75%. 1H NMR (CDCl3): d 0.85 (t, J¼6.0 Hz,
–CH3, 12H), 1.24–1.80 (m, –CH2–, 64H), 3.98 (t, J¼5.4 Hz, –CH2, 8H),
4.33 (s, –CH2C, 2H), 6.45 (s, –CH–CN, 1H), [6.81 (d), 7.30 (d), 7.49 (d),
7.56 (d)] (ArH, 6H). 13C NMR (CDCl3): d 14.08, 22.68, 26.04, 29.06,
29.17, 29.36, 29.46, 29.61, 31.92, 36.27, 69.02, 69.23, 69.34, 102.70,
111.55, 112.51, 113.70, 118.78, 123.55, 128.87, 142.65, 147.87, 148.39,
148.97, 149.42, 154.01, 194.17. Anal. Calcd for C57H94N2O5: C, 77.15;
H, 10.68. Found: C, 77.42; H, 10.68.

4.8. 1-(3,4-Bis(tetradecyloxy)phenyl)-2-(3-(3,4-bis(tetra-
decyloxy)phenyl)-1H-pyrazol-5-yl)ethanone (2a; n[14)

White powder, yield 72%. 1H NMR (CDCl3): d 0.84 (t, J¼6.0 Hz,
–CH3, 12H), 1.22–1.78 (m, –CH2, 96H), 3.98 (t, J¼6.75 Hz, –CH2, 8H),
4.46 (s, –CH2C, 2H), 6.58 (s, –CH–CN, 1H), [6.82 (d), 7.34 (d), 7.46 (d),
7.59 (d)] (ArH, 6H). 13C NMR (CDCl3): d 14.09, 22.68, 26.05, 29.06,
29.17, 29.37, 29.68, 29.72, 31.93, 36.23, 69.05, 69.25, 69.39, 111.58,
112.53, 113.72, 118.81, 122.91, 123.52, 128.86, 149.00, 149.44, 149.83,
154.06, 194.11. Anal. Calcd for C73H126N2O5: C, 78.86; H, 11.42.
Found: C, 78.93; H, 11.43.

4.9. 1-(3,4-Bis(hexadecyloxy)phenyl)-2-(3-(3,4-
bis(hexadecyloxy)phenyl)-1H-pyrazol-5-yl)ethanone
(2a; n[16)

White powder, yield 68%. 1H NMR (CDCl3): d 0.84 (t, J¼6.45 Hz,
–CH3, 12H), 1.23–1.82 (m, –CH2, 112H), 4.03 (t, J¼8.7 Hz, –CH2, 8H),
4.57 (s, –CH2C, 2H), 6.61 (s, –CH–CN, 1H), [6.87 (d), 7.47 (d), 7.51 (d),
7.67 (d)] (ArH, 6H). Anal. Calcd for C81H142N2O5: C, 79.48; H, 11.69.
Found: C, 79.45; H, 11.70.

4.10. 1-(4-Dodecyloxyphenyl)-2-(3-(4-dodecyloxyphenyl)-1H-
pyrazol-5-yl)ethanone (2b; n[12)

To a solution of 1,5-bis(4-(dodecyloxy)phenyl)pentane-1,3,5-
trione (5.0 g, 7.87 mmol) dissolved in absolute ethanol (45 mL)
was added hydrazine monohydrate (0.43 g, 8.66 mmol), and the
mixture was refluxed for 2 h under nitrogen atmosphere. The
ethanol was removed under vacuum. The off-white residue was
then purified by recrystallization from THF/MeOH. The product
was isolated as white powder with a yield of 75%. 1H NMR
(CDCl3): d 0.85 (t, J¼6.75 Hz, –CH3, 6H), 1.23–1.80 (m, –CH2, 40H),
3.97 (t, J¼4.2 Hz, –OCH2, 4H), 4.32 (s, –CH2C, 2H), 6.39 (s, –CH–CN,
1H), [J¼1.5 Hz, 6.89 (d), J¼8.4 Hz, 7.54 (d), J¼8.4 Hz, 7.97 (d)] (ArH,
8H). Anal. Calcd for C41H62N2O3: C, 78.05; H, 9.90. Found: C, 77.74;
H, 9.86.

4.11. 1-(4-Hexyloxyphenyl)-2-(3-(4-hexyloxyphenyl)-1H-
pyrazol-5-yl)ethanone (2b; n[6)

White powder, yield 70%. 1H NMR (CDCl3): d 0.85 (t, –CH3, 6H),
1.32–1.78 (m, –CH2, 16H), 3.94 (t, J¼4.05 Hz, –OCH2, 4H), 4.30 (s,
–CH2C, 2H), 6.37 (s, –CH–CN, 1H), [J¼3.60 Hz, 6.87 (d), J¼6.90 Hz,
7.54 (d), J¼1.80 Hz, 7.98 (d)] (ArH, 8H). 13C NMR (CDCl3): d 13.98,
22.56, 25.61, 25.67, 29.01, 29.17, 31.05, 31.56, 36.44, 68.06, 68.30,
102.59, 114.03, 114.33, 122.65, 127.22, 128.81, 130.92, 142.57, 147.63,
159.58, 163.52, 194.15. Anal. Calcd for C29H38N2O3: C, 75.29; H, 8.28.
Found: C, 75.13; H, 8.43.

4.12. 1-(4-Octyloxyphenyl)-2-(3-(4-octyloxyphenyl)-1H-
pyrazol-5-yl)ethanone (2b; n[8)

White powder, yield 71%. 1H NMR (CDCl3): d 0.85 (t, J¼6.45 Hz,
–CH3, 6H), 1.25–1.78 (m, –CH2, 24H), 3.92 (t, J¼7.35 Hz, –CH2, 4H),
4.30 (s, –CH2C, 2H), 6.37 (s, –CH–CN, 1H), [J¼3.0 Hz, 6.88 (d),
J¼8.40 Hz, 7.52 (d), J¼9.00 Hz, 7.96 (d)] (ArH, 8H). 13C NMR (CDCl3):
d 13.05, 21.60, 24.92, 24.99, 28.20, 28.26, 28.32 30.76, 35.66, 67.04,
67.29, 101.22, 113.3, 113.75, 122.43, 125.93, 127.86, 129.92, 141.62,
146.80, 158.27, 162.48, 193.66. Anal. Calcd for C33H46N2O3: C, 76.41;
H, 8.94. Found: C, 76.11; H, 9.03.

4.13. 1-(4-Decyloxyphenyl)-2-(3-(4-decyloxyphenyl)-1H-
pyrazol-5-yl)ethanone (2b; n[10)

White powder, yield 71%. 1H NMR (CDCl3): d 0.85 (t, J¼6.0 Hz,
–CH3, 6H), 1.40–2.14 (m, –CH2, 32H), 3.94 (t, J¼7.35 Hz, –CH2, 4H),
4.32 (s, –CH2C, 2H), 6.38 (s, –CH–CN, 1H), [J¼1.8 Hz, 6.89 (d),
J¼8.4 Hz, 7.53 (d), J¼8.1 Hz, 7.97 (d)] (ArH, 8H). 13C NMR (CDCl3):
d 13.91, 22.48, 25.85, 29.37, 31.71, 68.16, 102.30, 114.20, 114.66,
126.72, 126.97, 130.77, 131.97, 147.64, 159.35, 194.20. Anal. Calcd for
C37H54N2O3: C, 77.31; H, 9.47. Found: C, 77.30; H, 9.58.

4.14. 1-(4-Tetradecyloxyphenyl)-2-(3-(4-tetradecyloxyphenyl)-
1H-pyrazol-5-yl)ethanone (2b; n[14)

White powder, yield 72%. 1H NMR (CDCl3): d 0.85 (t, J¼6.6 Hz,
–CH3, 6H), 1.23–1.69 (m, –CH2, 48H), 3.97 (t, J¼6.9 Hz, –CH2, 4H),
4.32 (s, –CH2C, 2H), 6.38 (s, –CH–CN, 1H), [J¼7.2 Hz, 6.90 (d),
J¼7.5 Hz, 7.52 (d), J¼9.3 Hz, 7.98 (d)] (ArH, 8H). Anal. Calcd for
C45H70N2O3: C, 78.67; H, 10.27. Found: C, 78.38; H, 10.26.

4.15. 1-(4-Hexadecyloxyphenyl)-2-(3-(4-hexadecyloxyphenyl)-
1H-pyrazol-5-yl)ethanone (2b; n[16)

White powder, yield 75%. 1H NMR (CDCl3): d 0.84 (t, –CH3, 6H),
1.22–1.82 (m, –CH2, 56H), 3.96 (t, J¼7.05 Hz, –CH2, 4H), 4.32 (s,
–CH2C, 2H), 6.38 (s, –CH–CN, 1H), [J¼7.2 Hz, 6.90 (d), J¼6.9 Hz, 7.53
(d), J¼7.8 Hz, 7.97 (d)] (ArH, 8H). Anal. Calcd for C49H78N2O3: C,
79.19; H, 10.58. Found: C, 78.91; H, 10.59.

4.16. Nickel complexes of 1-(3,4-bis(dodecyloxy)phenyl)-2-(3-
(3,4-bis(dodecyloxy)phenyl)-1H-pyrazol-5-yl)ethanone
(1a; n[12)

To a solution of 1-(3,4-bis(dodecyloxy)phenyl)-2-(3-(3,4-bis-
(dodecyloxy)phenyl)-1H-pyrazol-5-yl)ethanone (0.400 g, 0.400 mmol)
dissolved in 20 mL ethanol was added nickel(II) chloride. The so-

lution was refluxed for 24 h. The solution was concentrated to
dryness, and the residue was purified by recrystallization from THF/
CH3OH. The product was isolated as light green solids. Yield 70%.
Anal. Calcd for C130H220N4O10NiCl2: C, 73.35; H, 10.42; N,
2.63. Found: C, 73.99; H, 10.75; N, 2.61. Compound 1a (n¼14).
Anal. Calcd for C146H252N4O10NiCl2: C, 74.52; H, 10.79; N, 2.38.
Found: C, 74.59; H, 10.95; N, 2.38. Compound 1a (n¼16). Anal.
Calcd for C162H284N4O10NiCl2: C, 75.49; H, 11.11. Found: C, 75.34;
H, 11.02.

4.17. 1-(4-(Dodecyloxy)phenyl)-2-(3-(4-(dodecyloxy)phenyl)-
isoxazol-5-yl)ethanone (4; n[12)

To a solution of 1,5-bis(4-(dodecyloxy)phenyl)pentane-1,3,5-
trione (5.0 g, 7.87 mmol) dissolved in 35 mL of absolute ethanol
was added hydroxylamine hydrochloride (0.6 g, 8.66 mmol) under
nitrogen atmosphere. The solution was gently refluxed for 2 h. The
solution was then stirred at room temperature for 12 h. The solvent
was removed under reduced pressure, and the product isolated
as white powder was obtained after recrystallization from THF/
MeOH. Yield 75%. 1H NMR (CDCl3): d 0.85 (t, J¼6.75 Hz, –CH3, 6H),
1.24–1.77 (m, –CH2, 40H), 3.98 (t, J¼4.5 Hz, –CH2, 4H), [4.31, 4.40]
(s, –CH2C, 2H), [6.41, 6.50] (s, –CH–CN, 1H), [J¼8.7 Hz, 6.92 (d),
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J¼1.2 Hz, 7.67 (d), J¼2.4 Hz, 7.99 (d)] (ArH, 8H). 13C NMR (CDCl3):
d 14.10, 22.68, 25.96, 29.06, 29.16, 29.34, 29.57, 29.63, 31.91, 36.15,
36.60, 68.17, 68.36, 98.82, 101.35, 114.42, 114.51, 114.83, 120.05,
121.34, 127.38, 128.16, 128.83, 131.00, 160.68, 163.65, 166.36, 170.22,
193.35. Anal. Calcd for C41H61NO4: C, 77.93; H, 9.73. Found: C, 78.14;
H, 9.76.

4.18. 1-(4-(Hexyloxy)phenyl)-2-(3-(4-(hexyloxy)phenyl)-
isoxazol-5-yl)ethanone (4; n[6)

White powder, yield 61%. 1H NMR (CDCl3): d 0.88 (t, –CH3, 6H),
1.31–1.76 (m, –CH2, 16H), 3.98 (t, J¼7.8 Hz, –CH2, 4H), [4.30, 4.38] (s,
–CH2C, 2H), [6.41, 6.50] (s, –CH–CN, 1H), [J¼8.7 Hz, 6.92 (d), J¼9 Hz,
7.66 (d), J¼9 Hz, 7.98 (d)] (ArH, 8H). 13C NMR (CDCl3): d 13.94, 22.51,
25.57, 25.62, 28.96, 29.07, 31.46, 31.50, 36.10, 68.12, 98.74, 101.29,
114.36, 114.46, 114.78 120.00, 127.33, 128.77, 130.96, 158.84, 160.62,
163.59, 170.15, 193.31. Anal. Calcd for C29H37NO4: C, 75.13; H, 8.04.
Found: C, 75.34; H, 8.06.

4.19. 1-(4-(Heptyloxy)phenyl)-2-(3-(4-(heptyloxy)phenyl)-
isoxazol-5-yl)ethanone (4; n[7)

White powder, yield 62%. 1H NMR (CDCl3): d 0.86 (t, –CH3, 6H),
1.28–1.57 (m, –CH2, 20H), 3.99 (t, J¼7.8 Hz, –CH2, 4H), [4.30, 439]
(s, –CH2C, 2H), [6.41, 6.50] (s, –CH–CN, 1H), [J¼8.7 Hz, 6.92 (d),
J¼8.7 Hz, 7.66 (d), J¼9.0 Hz, 7.98 (d)] (ArH, 8H). 13C NMR (CDCl3):
d 13.95, 22.48, 25.81, 28.93, 29.06, 31.07, 31.64, 34.06, 36.05,
36.49, 68.07, 68.25, 98.70, 101.24, 114.31, 114.41, 114.73, 119.95,
127.28, 128.06, 128.72, 130.90, 158.79, 162.24, 163.54, 170.10,
193.25. Anal. Calcd for C31H41NO4: C, 75.73; H, 8.41. Found: C,
75.84; H, 8.46.

4.20. 1-(4-(Octyloxy)phenyl)-2-(3-(4-(octyloxy)phenyl)-
isoxazol-5-yl)ethanone (4; n[8)

White powder, yield 60%. 1H NMR (CDCl3): d 0.86 (t, –CH3, 6H),
1.26–1.78 (m, –CH2, 24H), 3.96 (t, J¼3.3 Hz, –CH2, 4H), [4.30, 438] (s,
–CH2C, 2H), [6.41, 6.50] (s, –CH–CN, 1H), [J¼9.0 Hz, 6.92 (d),
J¼8.7 Hz, 7.65 (d), J¼6.3 Hz, 7.98 (d)] (ArH, 8H). 13C NMR (CDCl3):
d 13.94, 22.50, 25.82, 25.86, 28.93, 29.07, 29.16, 31.65, 36.00, 68.03,
68.22, 98.70, 101.22, 114.28, 114.37, 114.70, 119.92, 127.24, 128.02,
128.70, 130.86, 158.77, 160.54, 163.50, 170.06, 193.19. Anal. Calcd for
C33H45NO4: C, 76.26; H, 8.73. Found: C, 76.11; H, 8.85.
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